Introduction
Due to pharmacological safety, there has been an increased interest in phytochemicals that may exhibit anticancer activity. Curcumin (diferuloylmethane), a non-nutritive food chemical present in turmeric (Curcuma longa), is pharmacologically safe, given that curcumin has been consumed as a dietary spice at the rate of up to 100 mg/day by people in certain countries for centuries (1) . Curcumin blocks tumor initiation induced by benzo[a]pyrene and 7,12-dimethylbenz[a]anthracene (2) , and suppresses the phorbol ester-induced tumor promotion (3, 4) . In vivo, curcumin suppresses carcinogenesis of the skin (4) (5) (6) (7) (8) , the forestomach (9,10), the colon (11) (12) (13) , the breast (14) (15) (16) and the liver (17) in mice. Additionally curcumin exhibits antimetastatic activity (18) . How curcumin exhibits its anticarcinogenic and antimetastatic effects is not fully understood, but its ability to inhibit the growth of endothelial cells (19) , suppresses angiogenesis in vivo (20) , abrogate FGF-2-induced angiogeneic response and matrix metalloprotease (MMP)-9 expression (21, 22) , block expression of adhesion molecules (23) and cycloxygenase-2 (24, 25) may play important roles. The downregulation of genes involved in carcinogenesis and those in tumor initiation, promotion and metastasis by curcumin could be mediated through the suppression of transcription factors NF-κB (25) (26) (27) , and c-jun N-terminal kinase (28) .
Compounds that block or suppress the proliferation of tumor cells have potential as anticancer agents. In vitro curcumin was found to induce apoptosis of a wide variety of tumor cells, including both B-cell and T-cell leukemia (29) (30) (31) (32) , colon carcinoma (33) , breast carcinoma (34) (35) (36) and other tumor cell types (37, 38) . Additionally, curcumin has been shown to block the growth of certain normal cell types including thymocytes, osteoclasts, vascular smooth muscle cells, and endothelial cells (19, (39) (40) (41) . How exactly curcumin induces apoptosis of various cell types is not well understood.
Typically two different pathways leading to apoptosis have been identified, namely receptor-mediated and chemicalinduced apoptosis (see Figure 1) (42, 43) . Most cytokines (usually members of the TNF superfamily) induce apoptosis by interaction of the ligand with its death receptor, which sequentially recruits TNF receptor-associated death domain; Fas-associated death domain (FADD); FADD-like interleukin-1 converting enzyme (FLICE) (also called caspase-8), and caspase-3; the last then cleaves various substrates leading to apoptosis. In contrast, chemical (most chemotherapeutic agents)-induced apoptosis involves cleavage of BID by caspase-8, which causes the release of cytochrome c from the mitochondria, and cytochrome c together with APAF1 activates caspase-9, and the latter then activates caspase-3, resulting in apoptosis. The chemical-induced apoptotic pathway involving mitochondria has been shown to be negatively regulated by antiapoptotic proteins such as Bcl-2 or Bcl-xl through suppression of cytochrome c release (44, 45) .
Through which pathway curcumin induces apoptosis and whether an antiapoptotic protein plays any role in curcumininduced apoptosis is not known. Using the acute myelogenous leukemia cell line HL-60, we investigated the mechanism by which curcumin induces apoptotic effects and how these effects are modulated by Bcl-2 and Bcl-xl proteins.
Materials and methods

Materials
RPMI-1640, and fetal bovine serum (FBS) were procured from Life Technologies (Grand Island, NY). Curcumin and MTT (3-(4,5-dimethylthiazol- Fig. 1 . Two distinct pathways leading to apoptosis activated by chemicals (on the left) and by cytokines (on the right). FADD is Fas-associated death domain, FLICE is FADD-like ICE; ICE is interleukin-1 converting enzyme, and ICAD is an inhibitor of caspase-activated deoxyribonuclease.
2-yl)-2,5-diphenyltetrazolium bromide) were purchased from Sigma Chemicals (St Louis, MO). The rabbit polyclonals, anti-Bcl-2 and anti-cytochrome c, the mouse monoclonal anti-Bcl-xL, and the goat polyclonal anti-BID were procured from Santa Cruz Biotechnology (Santa Cruz, CA). The anti-PARP rabbit polyclonal antibodies were purchased from New England BioLab (Beverly, MA). Curcumin was dissolved in dimethylsulfoxide to prepare a stock solution of 20 mM concentration.
Cells
Human myeloid leukemic cell lines (HL-60/neo, HL-60/Bcl-xl, and HL-60/ Bcl-2 cells) were originally obtained from Dr Kapil Bhalla, Lee Moffitt Cancer Center & Research Inst., Tampa, FL. The characteristics of these cells have been previously described (46) . The cells were maintained in RPMI-1640 containing 10% FBS and a 1ϫ antibiotic-antimycotic. Each cell line was split regularly before attaining 70-80% confluence. The cells were cultured in a humidified incubator in 5% CO 2 in air and were maintained in continuous exponential growth by twice a week passage.
Cytotoxicity assays
Cell growth assays were carried out essentially according to the procedure described (47) . Briefly, the HL-60/neo, HL-60/Bcl-xl, and HL-60/Bcl-2 cells (5 ϫ 10 3 /well) were plated in 0.2 ml of the medium (RPMI-1640 with 10% FBS) in 96-well Corning plates in the presence or absence of indicated concentrations of curcumin for different times. At the end of the incubation, cytotoxicity was measured by the modified tetrazolium salt MTT assay. For this, 0.1 ml of cell medium was removed, and 0.025 ml of MTT solution (5 mg/ml in PBS) was added to each well. After a 2 h incubation at 37°C, 0.1 ml of the extraction buffer (20% sodium dodecyl sulfate, 50% dimethylformamide) was added. After an overnight incubation at 37°C, the optical densities at 570 nm were measured using a 96-well multiscanner autoreader (Dynatech MR 5000), with the extraction buffer as a blank. (6.7 Ci/mmol; New England Nuclear, Boston, MA) was added to each well (0.5 µCi/well). Thereafter, the culture medium was removed, the wells were washed twice with phosphatebuffered saline (PBS), and the cells were detached by the addition of a solution of trypsin (0.5%) with EDTA (5.3 mM). The cell suspension was then harvested with the aid of a Filtermate 196 cell harvester (Packard Instruments, Canberra, Australia) and lysed by washing with distilled water. Radioactivity bound to the filter was measured directly by Direct Beta Counter Matrix 9600 (Model 1600 TR; Packard, Meriden, CT). All determinations were made in triplicate.
Cleavage of PARP and BID
To determine the activation of caspase-3, we also examined the cleavage of poly(ADP-ribose) polymerase (PARP) (49) . Forty micrograms whole-cell extracts were resolved on 7.5% polyacrylamide gel, transferred to a nitrocellulose membrane, blocked with 5% non-fat milk protein, probed with PARP antibodies (1:3000), and detected by ECL reagent.
To determine the cleavage of BID, 30 µg of whole-cell extracts were resolved on 12% polyacrylamide gel, transferred to a nitrocellulose membrane, blocked with 5% non-fat milk protein, probed with BID antibodies (1:1000), and detected by ECL reagent.
Measurement of cytochrome c release
Cells were treated with 25 µM curcumin for various time intervals and the cytosolic extracts were prepared as described (45) . Briefly the cells were washed first with PBS and then with Buffer A (0.25 M sucrose, 30 mM TrisHCl (pH 7.9), and 1 mM EDTA). The pellets were then resuspended in Buffer B (Buffer A plus the protease inhibitors: 1 mM PMSF, 1 µg/ml leupeptin, 1 µg/ml pepstatin and 1 µg/ml aprotinin ) and homogenized gently with a glass Dounce homogenizer and a B pestle (40 strokes). The homogenates were centrifuged at 14 000 r.p.m. for 30 min to remove mitochondria and other insoluble fragments. The supernatants were again centrifuged as above to ensure complete removal of mitochondria. Fifty micrograms of protein was electrophoresed through a 15% SDS-polyarylamide gel and transferred to a nitrocellulose membrane by electroblotting. Cytochrome c was detected by Western blotting using mouse monoclonal anti-cytochrome c antibody (1:3000) for 2 h. The blot was washed, exposed to HRP-conjugated secondary antibodies for 1 h, and finally detected by chemiluminescence (ECL, Amersham Pharmacia Biotech., Arlington Heights, IL).
Assay of caspase-3 and -8
The enzymatic activity of caspases induced by curcumin was also assayed essentially based on the manufacturer's protocol (R and D Systems, Minneapolis, MN). Briefly, cells were lysed in lysis buffer for 30 min on an ice bath. The lysed cells were centrifuged at 14 000 r.p.m for 10 min, and 100 µg protein was incubated with 50 µl of reaction buffer and 5 µl of either caspase-3 (DEVD-pNA) or caspase-8 calorimetric substrate (IETD-pNA) at 37°C for 2 h. The optical density of the reaction mixture was quantitated spectrophotometrically at a wavelength of 405 nm.
Activation of procaspase-3, -7 and -8 causes the cleavage of these proteins, thus releasing the proteolytically active domain of various caspases. We examined the appearance of active caspase proteins also by western blot analysis.
Expression of Bcl-xl and Bcl-2
The effect of curcumin on the expression of Bcl-xl and Bcl-2 in HL-60 cells was determined by western blot analysis. Briefly, the concentration was measured in each cell lysate using Bradford method. Equal amounts of total protein were loaded for each blot. After electrophoresis, the proteins were electrotransferred to nitrocellulose filters, probed with the specific antibodies, and detected by chemiluminescence (ECL, Amersham-Pharmacia Biotech).
Results
In this report we investigated the pathway through which curcumin induces apoptosis and examined the effect of ectopic expression of Bcl-2 and Bcl-xl on this pathway (see Figure  1 ). For this, HL-60 cells stably transfected with either the empty vector (neo), or bcl-2 or bcl-xl plasmid were used. As shown in Figure 2A , HL-60 cells expressed very little Bcl-2 or Bcl-xl protein; however, Bcl-2 and Bcl-xl transfected cells expressed higher levels of Bcl-2 and Bcl-xl proteins, respectively. Throughout these experiments, the three cell types HL-60-Bcl-xl cells. Cells were plated in 35 mm dishes and harvested, and whole-cell extracts prepared. Forty micrograms of cell lysate were subjected to SDS-PAGE, and Bcl-2 and Bcl-xl were detected using antibodies specific against each protein as described under Materials and methods. (B) Time course of the effect of curcumin on the growth of human acute myelogenous leukemia HL-60 cells (neo) and Bcl-2-and Bcl-xl-transfected cells. Cells (5 ϫ 10 3 cells/0.2 ml/well) were incubated with either medium or with curcumin (12.5 µM) for different times, and then cell viability was examined by the MTT method. All determinations were made in triplicate. Abs. is absorbance units. (C) Dose-dependent growth inhibition of human acute myelogenous leukemia HL-60 cells (neo) and Bcl-2-and Bcl-xltransfected cells. Cells (5 ϫ 10 3 cells/0.2 ml/well) were incubated with different concentrations of curcumin for 24 h, and then cell viability was examined by thymidine incorporation method as described in Materials and methods. All determinations were made in triplicate. The results are expressed as a percentage of the control (untreated cells). The variation between triplicates was Ͻ10%.
were compared for activation of various signaling intermediates involved in the curcumin-activated apoptosis pathway.
Curcumin has cytotoxic effect against HL-60 (neo) but not against Bcl-2 or Bcl-xl transfected cells
Cells were exposed to 12.5 µM curcumin and then examined for cell growth for different days. Curcumin inhibited the growth of HL-60 cells, but the growth of Bcl-2-or Bcl-xltransfected cells was minimally affected by curcumin ( Figure  2B ), suggesting that curcumin is more cytotoxic to HL-60 (neo) than to the transfected cells. Thus expression of Bcl-2 145 or Bcl-xl appears to protect the cells from the growth-inhibitory effects of curcumin.
We also examined the effect of curcumin on DNA synthesis capability by the thymidine incorporation method. Cells were exposed to different concentrations of curcumin for 24 h and during the last 6 h were pulsed with thymidine. As shown in Figure 2C , curcumin inhibited the thymidine incorporation in a dose-dependent manner and again Bcl-2-or Bcl-xl-transfected cells were protected from the inhibitory effects of curcumin. By the thymidine incorporation method, curcumin (12.5 µM for 24 h) inhibited the incorporation by almost 50% in Bcl-2-transfected cells, whereas the same conditions by the MTT method had no significant effect on cell growth ( Figure 2B) . The latter is known to measure mitochondrial activity. The difference in results obtained by the two methods may suggest that DNA synthesis is more sensitive to curcumin than its effect on the mitochondria. These results further confirm that curcumin is cytotoxic against HL-60 (neo) but much less so against Bcl-2-or Bcl-xl-transfected cells.
Curcumin activates caspase-8, and ectopic expression of Bcl-2 and Bcl-xl suppresses the activation
Previously it was demonstrated that apoptosis by most agents activates an upstream protease called FLICE, or caspase-8 (42) . To determine whether curcumin can also induce the activation of this caspase, we treated the cells with 25 µM curcumin for 6, 12 and 24 h, prepared the cell extracts, and examined the protease activity using a fluorogenic substrate specific for caspase-8. Whereas curcumin activated caspase-8 ( Figure 3 
Curcumin induces cytochrome c release, and ectopic expression of Bcl-2 and Bcl-xl suppresses the release
Caspase-8-mediated cleavage of BID leads to release of cytochrome c from the mitochondria, which is an essential step in the apoptosis pathway activated by chemotherapeutic agents (48, 49) . To determine whether curcumin induced the release of cytochrome c from the mitochondria, we treated the cells for 6, 12 and 24 h, prepared the cell extracts, and examined the cytochrome c release by western blot analysis. As Figure 5 shows, curcumin induced the cytochrome c release in a time-dependent manner in the HL-60 neo cells but the release was minimal in the Bcl-2-or Bcl-xl-transfected cells.
Curcumin activates caspase-3, and ectopic expression of Bcl-2 and Bcl-xl suppresses the activation
Cytochrome c, in presence of apaf-1, activates caspase-9, which in turn results in the activation of downstream caspase-3 (42). We investigated whether curcumin also induces the activation of this caspase, by treating the cells for 6, 12 and 24 h, preparing the cell extracts, and examining protease activity using a fluorogenic substrate specific for caspase-3. As Figure 6 shows, curcumin activated caspase-3 ( Figure 6 , upper panel) in a time-dependent manner in the HL-60 (neo) cells, but not in Bcl-2-transfected cells. The inhibition was not, however as pronounced with Bcl-xl-transfected cells ( Figure 6 , lower right panel).
Curcumin induces PARP cleavage, and ectopic expression of Bcl-2 and Bcl-xl suppresses the cleavage
The activation of downstream caspase-3 by most agents causes the cleavage of the PARP protein (50) . We treated the cells for 6, 12 and 24 h curcumin, prepared the cell extracts, and examined PARP cleavage by western blot analysis. As Figure 7 indicates, curcumin activated PARP cleavage (upper panel) in a time-dependent manner in the HL-60 (neo) cells but not in the Bcl-2-or Bcl-xl-transfected cells.
DN-FLICE suppresses curcumin-induced apoptosis
Apoptosis mediated by most death receptors requires the recruitment of the adaptor protein FADD, which recruits the upstream protease FLICE, or caspase-8 (42) . The dominantnegative form of either FADD or FLICE have been shown to block apoptosis induced by the ligands for the death receptors (42) . We investigated whether curcumin-induced apoptosis is also affected by the ectopic expression of DN-FADD or DN-FLICE. Human glioblastoma H4 cells were stably transfected with plasmids for Neo, DN-FADD, and DN-FLICE (Darnay et al., unpublished results) and then examined for sensitivity to curcumin by the MTT and thymidine incorporation assays for cell viability. As shown in Figure 8 , H4 (neo) cells were sensitive to curcumin-induced cytotoxicity, and the expression of DN-FLICE suppressed the effect of curcumin. DN-FADD, however, had little effect on curcumin-induced cytotoxicity.
Curcumin downregulates the expression of cyclooxygenase 2 and ectopic expression of Bcl-2 and Bcl-xl prevents downregulation
We explored alternate mechanisms through which curcumin might mediate apoptosis. Previously it has been demonstrated that the curcumin can downregulate the expression of cyclooxygenase (COX)-2 (24, 25) . The agents that inhibit COX-2 have been shown to induce apoptosis (51) . Therefore, we explored the possibility that curcumin can downregulate COX-2 expression in HL-60 cells, and that ectopic expression of Bcl-2 or Bcl-xl would prevent the effect of curcumin. We treated the cells with 25 µM curcumin for 6, 12, and 24 h, prepared the cell extracts, and examined the COX-2 expression by western blot analysis. Figure 9 indicates that COX-2 was expressed in the HL-60 (neo) cells and that curcumin dowregulated its expression ( Figure 9 , upper panel) in a timedependent manner. The ectopic expression of Bcl-2 or Bcl-xl completely suppressed this downregulation ( Figure 9 , middle and lower panel).
Tumor cell sensitivity to curcumin correlates with the expression of Bcl-xl
Our observations so far indicate that overexpression of antiapoptotic proteins Bcl-2 or Bcl-xl induces resistance to curcumin-induced apoptosis in HL-60 cells. Whether these results are valid with cell lines that naturally overexpress Bclx/Bcl-xl was examined. We found that human T-cell line Jurkat expresses no Bcl-xl, whereas Hut-78, another T-cell line, overexpresses Bcl-xl ( Figure 10A ). These two cell lines were Cells were harvested and cell lysates prepared. 40 µg of cell lysate was subjected to SDS-PAGE, and PARP was detected with anti-PARP antibodies as described under Materials and methods. 9 . Effect of curcumin on COX-2 expression in HL-60 (neo), HL-60 (Bcl-2), HL-60 (Bcl-xl) cells. Cells were plated in 35 mm dishes and incubated with 25 µM curcumin for the indicated times. Cells were harvested, and cell lysates prepared. 60 µg of cell lysate was subjected to SDS-PAGE, and COX-2 was detected with anti-COX-2 antibodies as described under Materials and methods. examined for sensitivity to curcumin by the MTT method and by the thymidine incorporation method. The results in Figure  10B and 10C clearly show that Jurkat cells were quite sensitive to the cytotoxic effects of curcumin whereas Hut-78 cells are resistant. These results are consistent with the thesis that Bcl-xl plays an antiapoptotic role in curcumin-induced apoptosis.
Overall, we found that curcumin induced apoptosis, and this activity correlated with the activation of an upstream caspase-8, cleavage of BID, release of cytochrome c, activation of a 148 downstream caspase-3, and PARP cleavage. Our results also show that ectopic expression of the antiapoptotic proteins Bcl-2 and Bcl-xl blocked curcumin induced apoptosis, suppressing activation of caspases, cytochrome c release, and cleavage of BID and PARP.
Discussion
The search for new chemopreventive and antitumor agents that are more effective and less toxic has kindled great interest in phytochemicals. Curcumin, derived from the root of the plant Curcuma longa, is one such compound. It has been used as a dietary factor and as a herbal medicine for centuries in several south-eastern countries and has been shown to inhibit the growth of a wide variety of tumor cells. In the present report, we describe the mechanism through which curcumin induces apoptosis of human acute myelogenous leukemia HL-60 cells. Curcumin activated caspase-8, induced BID cleavage, caused mitochondrial cytochrome c release, and induced caspase-3 activation and PARP cleavage in HL-60 (neo) cells but not in Bcl-2 and Bcl-xl-transfected cells. We found that DN-FLICE blocked the curcumin-induced apoptosis, indicating caspase-8 is required. Curcumin also downregulated the endogenous expression of COX-2. Furthermore, we found that the ectopic expression of Bcl-2 and Bcl-xl inhibited both upstream and downstream steps involved in curcumin-induced apoptosis.
This is the first report to suggest that curcumin activates caspase-8 and that it is required for apoptosis induced by curcumin. How curcumin activates caspase-8 is not clear. Because autoactivation induced by oligomerization can activate caspase-8 (52, 53) , it suggests that curcumin may induce oligomerization of caspase-8. During apoptosis induced by ligands that interact with death receptors, caspase-8 is recruited by FADD and DN-FADD blocks death receptor ligand-induced apoptosis (42) . Our results show that while DN-FLICE blocked curcumin-induced apoptosis, DN-FADD had no effect. These results suggest that FADD is most likely not involved in curcumin-induced apoptosis. Certain chemotherapeutic agents are known to induce apoptosis through induction of death receptors (54) . Because death receptor-induced apoptosis is mediated through FADD, it suggests that curcumin most likely does not induce apoptosis through induction of death receptors. Curcumin has however, been shown to induce changes in mitochondrial membrane potential (MMP) (55) . Therefore, it is possible one of the first steps by which curcumin affects apoptosis is through changes in MMP, which would lead to the release of cytochrome c from the mitochondria, thus leading to sequential activation of caspase-9 and caspase-3. We have indeed demonstrated the release of cytochrome c and the activation of caspase-3 by curcumin.
Our results indicate that curcumin can induce cleavage of the proapoptotic protein BID. Both caspase-8 and granzyme B are known to cleave BID protein (56, 57) . Thus it is quite likely that curcumin first activates caspase-8, which leads to cleavage of BID. Cleaved BID has been reported to translocate from the cytoplasm to the mitochondria and induce cytochrome c release (49) . Thus it is possible that curcumininduced cytochrome c release observed in our studies is mediated through BID cleavage.
Our results also indicate that ectopic expression of Bcl-2 and Bcl-xl proteins blocks curcumin-induced apoptosis and this accompanies suppression of caspase-8 activation, BID cleavage, mitochondrial cytochrome c release, caspase-3 activation and PARP cleavage. How Bcl-2 and Bcl-xl mediate their effects is not fully understood. These proteins are known to inhibit apoptosis by regulating mitochondrial membrane potential (58) and cytochrome c release needed for the activation of caspase-9 (45). Both Bcl-2 and Bcl-xl are also known to form heterodimers with another pro-apoptotic member of the Bcl-2 family of protein, Bad, and thus suppress apoptosis (59) . The mechanism by which Bcl-2 or Bcl-xl could block caspase-8 activation is unclear. Both Bcl-2 and Bcl-xl reside on the outer mitochondrial membrane (60), whereas caspase-8 is on the plasma membrane as a component of the death receptor complex. Bcl-xl is known to function downstream of caspase-8 to inhibit Fas and TNFR 1-induced apoptosis of MCF7 breast carcinoma cells (61) . It is possible that mitochondrial Bcl-2 and Bcl-xl directly bind to procaspase-8, thus preventing its activation by curcumin.
Though both Bcl-2 and Bcl-xl are antiapoptotic (for references see (44) ), the two may not be functionally redundant, as Bcl-xl was found to be a superior inhibitor of apoptosis in some cases (62, 63) . For instance, immunosuppressant-induced apoptosis in a murine B-cell line is prevented by Bcl-xl but not Bcl-2 (63) . In our studies the suppression of apoptotic effects of curcumin were more pronounced with Bcl-xl than Bcl-2 (see Figure 2C) . In most other studies, however, we found no significant difference in the activity between Bcl-2 or Bcl-xl for suppression of curcumin-induced caspases or cleavage of various substrates.
Whether all the apoptotic effects of curcumin are mediated through the mechanism as described here is not clear. Curcumin has been shown to downregulate NF-κB and AP-1 activation (23) (24) (25) (26) . The activation of NF-kB has been demonstrated to play an antiapoptotic role (64) . Thus it is possible that downregulation of NF-κB may contribute to the apoptotic effects of curcumin. In fact, we have shown that ectopic expression of rel-A blocks curcumin-induced cytotoxicity (65) . Additionally, NF-κB regulates the expression of COX-2 gene transcription (24, 25) , and ectopic expression of COX-2 has been shown to block apoptosis whereas suppression of COX-2 enhances apoptosis (51). We found that curcumin downregulates the expression of COX-2. These results are in agreement with previous reports (24, 25) . The suppression of COX-2 by curcumin may also contribute to the apoptotic effects of curcumin. Overall, our results suggest that curcumin can induce apoptosis by multiple mechanisms and that these mechanisms are negatively regulated by antiapoptotic proteins Bcl-2 and Bcl-xl. Besides chemopreventive (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) , and antiangiogeneic effects (19) (20) (21) , curcumin has been shown to downregulate the expression of growth factor receptors (e.g. HER2 and EGFR) (66) (67) (68) . These activities combined with its ability to induce apoptosis of tumor cells through a mechanism as described here, warrants further investigation into the chemotherapeutic effects of curcumin. It is known that consumption of spices lowers the incidence of certain type of cancers and cardiovascular diseases. For instance, epidemiological studies have revealed that the incidence of large and small bowel adenomas and cancers are extremely low in East Indians and this was attributed to the high intake of natural antioxidants such as curcumin (69) .
